The goal of the present study was to test whether the amount of coaching influenced the results of working memory training on both visual and verbal working memory. Additionally, the effects of the working memory training on the amount of progress after specific training in mathematics were evaluated. In this study, 23 children between 9 and 12 years of age with both attentional and mathematical difficulties participated in a working memory training program with a high amount of coaching, while another 25 children received no working memory training. Results of these groups were compared to 21 children who completed the training with a lower amount of coaching. The quality of working memory, as well as mathematic skills, were measured three times using untrained transfer tasks. Bayesian statistics were used to test informative hypotheses. After receiving working memory training, the highly coached group performed better than the group that received less coaching on visual working memory and mathematics, but not on verbal working memory. The highly coached group retained their advantage in mathematics, even though the effect on visual working memory decreased. However, no added effect of working memory training was found on the learning curve during mathematical training. Moreover, the less-coached group was outperformed by the group that did not receive working memory training, both in visual working memory and mathematics. These results suggest that motivation and proper coaching might be crucial for ensuring compliance and effects of working memory training, and that far transfer might be possible.
Introduction
Children's development of mathematical competence can be viewed as a multi-faceted, multifactorial process. Development of mathematical difficulties can be predicted by a number of factors, such as number sense (Butterworth, 2010; Siegler, 2016) , processing speed (Rose et al., 2011) , rapid automatized naming (Donker et al., 2016) , long-term memory (Geary et al., 2012) , language (Vukovic and Lesaux, 2013) , and executive functions, most predominantly working memory (Bull and Lee, 2014; Friso-van den Bos et al., 2013; Toll et al., 2011) . Working memory, as defined by Baddeley (2012) , is a brain-based system that allows for simultaneous maintenance and manipulation of information. Working memory is involved in mathematics when keeping track of preliminary outcomes and combining information of different operations Pazzaglia, 2004, 2005) . Furthermore, working memory seems to play an important role in learning the ordinal relationship between number symbols (Lyons and Beilock, 2009) .
From previous research, it can be concluded that, on a behavioral level, working memory and mathematics are closely related. On a neural level as well, brain structures involved in representing mathematical abilities and working memory processes show some overlap (Amalric and Dehaene, 2016; Dehaene, 2004; Dehaene et al., 1999) . Both abilities rely, in part, on prefrontal-parietal structures and their connective tissue and are behaviourally highly correlated with general intelligence and working memory (Barbey et al., 2012) . Therefore, it could be hypothesized, that interventions targeting working memory might influence mathematical abilities and vice versa. In light of this view, numerous intervention studies were conducted in order to examine the effects of cognitive training on both mathematics and working memory.
program. After Klingberg et al. (2005) published a seminal study on the efficacy of working memory training in subjects with ADHD, many publications on the subject followed, describing effects of working memory training on several domains, including mathematics (BergmanNutley and Klingberg, 2014; Holmes and Gathercole, 2013; Söderqvist and Bergman Nutley, 2015) . Relevant to the present study are those studies with participating children between 9 and 12 years of age. In this age group, most studies point out that near-transfer can be found, but transfer to academic skills such as mathematics is not to be expected (i.e. Dunning et al., 2013) . Although working memory training has received criticism in the academic literature, several other (computerized) training programs have been devised, including Jungle Memory™ (2008) . Both Cogmed and Jungle Memory are programs aimed at improving working memory through the practice of specific tasks, and both claim the enhancement of cognitive capacity by strengthening the synaptic connectivity in the brain. Their training procedures differ in certain aspects. Cogmed is a fully adaptive program, using some nine different tasks, with a duration of 30-45 min per session, and features a total of 25 sessions. Jungle Memory is also adaptive, but it uses different levels during the course of the program. Children can go up a level by completing a previous level. The program is sold as an 8-week subscription in which a child is able to play the three tasks once a day.
A handful of studies using Jungle Memory have been conducted (Alloway and Alloway, 2009; Alloway et al., 2013) finding far-transfer effects on fluid intelligence, crystallized intelligence, and spelling, but not on mathematics. These studies, however, had few participants and no active (or passive) control group, making it difficult to specifically relate the gains made to the completed training procedure. Recently, we conducted a study using Jungle Memory in a group of children with both attentional and mathematical difficulties (Nelwan and Kroesbergen, 2016) , and found no relationship between the gains made within the trained tasks and gains on similar, but untrained, tasks. In contrast, comparing the experimental group with active and passive control groups, we found some evidence that supports the claim that Jungle Memory training affects verbal working memory in a positive way, but found no effect on visual working memory. In addition to this finding we found limited far-transfer effects of the training on mathematical abilities, although these effects were small.
Recent meta-analyses suggest that the efficacy of working memory training is less-than-satisfactory (Melby-Lervåg and Hulme, 2013; Rapport et al., 2013; Redick et al., 2015) . More specifically, regarding children's responses to working memory training and gains in mathematics, studies have recently shown limited and short-lasting effects (Ang et al., 2015; Holmes and Gathercole, 2014; Nelwan and Kroesbergen, 2016) . However, these studies have to be viewed in light of several important methodological shortcomings; Melby- Lervåg and Hulme (2013) argue that in order to assess the effects of working memory training, random assignment to groups is necessary, as well as providing an adequate control group (both non-training and training control groups). Additionally, it proves to be very difficult to administer the recommended amount of training in a naturalist school-based setting, due to breaks, extracurricular activities etcetera. Considering the fact that working memory training is generally administered in schools, tailoring the training to the individual needs and schedules of pupils might be an important factor to consider.
Regarding the limited long-term effects of working memory training and its effects on other proximal cognitive skills, no decisive explanation has been given. Melby-Lervåg and Hulme (2013) argue that it is possible that, due to the short duration of the training programs, strong results are not to be expected. While this might be a plausible explanation, we want to suggest a second interpretation of these results. To do so, we have to closely examine theories on working memory.
Working memory (training), motivation, and coaching
The most widely used and tested model of working memory was coined by Baddeley and Hitch (1974) , later elaborated upon by Miyake et al. (2000) . It is a very elegant model, but it has no clear developmental underpinning. Therefore, it cannot provide an explanation for the lack of growth of working memory during training. In contrast, a theory on executive functions by Barkley (2012) does take a developmental perspective on executive functioning and working memory in particular. When viewed in the wider context of executive functioning as 'a form of self-directed action aimed at modifying one's behavior so as to make a future goal, end or outcome more or less likely to occur', working memory is mentioned in the context of self-directed private speech and self-directed sensory-motor action. These two concepts are akin to verbal and visual working memory (or the fonological loop/ visuospatial sketchpad in terms of the Baddeley-model) but are viewed by Barkley within a developmental background and an evolutional perspective. Executive functions, including working memory, are viewed as having evolved to aid social and functional adaptation to the environment. In Barkley's view, these functions start as outer-directed behavior that becomes increasingly less observable with maturation. On a neurological level, too, structures involved in working memory processes are both experience-expectant and experience dependent. Olesen et al. (2003) have found that brain activity in the posterior part of the superior frontal sulcus, intra-and inferior parietal cortex and the head of the caudate nucleus in the left hemisphere correlated with exercise, experience, and performance on visuospatial working memory tasks. Olesen and collegues also found development in the fronto-parietal white matter tracts to be correlated with increased performance after training on working memory tasks. Data by Klingberg et al. (2002) suggested that working memory capacity may be trainable. Olesen et al. (2004) found this increased capacity in working memory was correlated with increased activity in working memory related brain regions.
During development from preschooler to adult, both self-directed private speech as well as sensory-motor action are internalized along the lines of developmental changes in the brain as well as due to feedback, coaching and reinforcement by an adult. Barkley (2012) refers in this respect to the zone of proximal development (ZPD; Vygotsky, 1978) . ZPD can be defined as the difference between what a child can do without guidance and that what it cannot do. It is the stage, often set by an adult, on which a skill can gradually develop. This also concurs with the modern attachment theory (Schore and Schore, 2008) suggesting that the presence of an adult will lead to enhancement of regulatory and integratory processes as well as the reduction of stress. These factors will most likely lead to improvements in learning and pupils being able to profit from the training. It can therefore be hypothesized that coaching would influence effects of working memory training on both working memory as well as mathematical abilities. After all, following the theories proposed by Barkley (2012) and Schore and Schore (2008) , tailored feedback and reinforcement within the ZPD would enhance working memory and mathematics along two separate, but intertwined lines. Firstly, feedback would lead to internalisation of self-directed speech, increasing working memory, which would lead to improvements in mathematics. Secondly, reinforcement would foster attachment behavior, reinforcing regulative functions and reducing stress, with direct positive effects on both working memory and mathematics.
To support the second claim, the effects of giving material and immaterial reinforcement on working memory task performance to children with attentional deficits have recently been investigated (Dovis et al., 2015a (Dovis et al., , 2015b Strand et al., 2012) . Indeed, working memory performance tends to improve with reinforcement. However, in these studies, it appeared that children with attentional difficulties required a higher level of reward than their typically developing peers and did not show their maximum ability when receiving feedback as the only form of reinforcement.
In working memory training as well, motivational issues play a significant role (Appelgren et al., 2016) . Intrinsic motivation is a good predictor of treatment adherence. To address these motivational issues, some authors have set out to devise a training procedure that involves game-elements, and have observed positive effects on increasing working memory (Van der Oord et al., 2014) . A study by Dovis et al. (2012) found positive effects of adding gaming elements to working memory tasks during the performance of these tasks.
As mentioned, working memory training would theoretically impact on both working memory capacities as well as mathematical abilities, both directly as well as indirectly; When working memory improves, this should have a direct impact on mathematical abilities as well. Central to the discussion, however, is the influence of coaching within the zone of proximal development on the effects of working memory training.
Surprisingly, studies do not usually elaborate upon the subject of coaching within a working memory training program and its effects on transfer to untrained tasks. Most studies using Cogmed or Jungle Memory training use either remote or in-class supervision (e.g. Alloway et al., 2013; Dunning et al., 2013; Holmes and Gathercole, 2014) . The supervisor usually does not provide any feedback on training procedures, but merely ensures the child has appropriate time-on-task. This is rather surprising, because, as Gathercole et al. (2012) pointed out, adequate feedback on how to perform tasks may have an important impact on generalization to new and untrained tasks. To our knowledge, however, no study has manipulated the amount of coaching to investigate this claim directly.
The present study
This study was conducted to test our hypothesis that coaching would improve the direct effects of working memory training and its far-transfer effects on mathematical ability via fostering self-directed speech and the reduction of stress by providing the more frequent presence of an adult giving feedback and reinforcement.
We used the Jungle Memory training program again in a sample of children between 9 and 12 years of age with both mathematical and attentional difficulties (a sample that was comparable to the sample in our previous study), and tried to improve consistency and treatment adherence by increasing the amount of coaching the pupils received. We did this by having an adult supervisor being present more often, giving feedback and reinforcement. We compared this group with an untrained group.
The main aim of the study was to investigate both short-term as well as long-term effects of coaching on performance after working memory training on both visual as well as verbal working memory, to test the hypothesis that the zone of proximal development is an important factor within the training context, that it provides a scaffold along which learning skills can occur. A second aim was to investigate whether coaching influences generalization of the working memory training results to learning mathematics. Therefore, we added a specific training of mathematics after the working memory training. We looked at comparisons between these two groups and the less-coached training group that was described in our previous study. First, we hypothesized that high-intensity coaching would lead to the desired effects of the working memory training: improvements in working memory compared to the untrained group and the low-coached group. Furthermore, following the predictions by our model and existing literature, we hypothesized that increasing the amount of coaching would lead to improvement in both verbal and visual working memory as well as significant effects on mathematical abilities in the short term. Increasing the amount of coaching during working memory training was expected to lead to long-term effects on mathematical abilities, as it was expected that the gains made by our highly coached group would generalize more efficiently to untrained tasks.
However, considering the inconsistencies in the literature on the subject, alternative hypotheses were considered. When working memory training was ineffective, results would show no near or fartransfer effects. Furthermore, we did not know exactly what to expect with respect to the low-coaching group, compared to the highly coached and no-training groups. In our previous description of the lowcoaching group, we found limited evidence for near and far-transfer effects of working memory training, but we could not conclude that this was due to the improvement of working memory. Much rather, the improvement we found, might have been due to training-specific effects or motivational issues. We also got feedback from children training with Jungle Memory stating that they found the training boring. We therefore tried to manipulate the amount of coaching to shed light on the motivational components of training. One could hypothesize a negative effect of coaching in the low-coaching group, due to ineffective coaching leading to frustration or boredom, decrease in motivation, and ultimately outperformance by the group that did not receive working memory training at all.
Material and methods

Participants
Children (N = 48) were recruited from elementary schools (i.e. no special needs classes) in the Netherlands, both in urban as well as rural areas. Teachers of different schools were asked to participate and they selected the children based on the inclusion criteria that were provided to them. Children were eligible to participate if they were 9-12 years old when training started (Grades 4-6), had difficulties in mathematics (scores on standardized school-based tests of below or far below average), and were observed to have attentional difficulties (aboveaverage scores on a standardized rating scale - Scholte and Ploeg, 2005) as rated by their teachers. Working memory was evaluated by the teachers as well. They were asked to fill out the BRIEF, a rating scale that measures a variety of executive functions, including working memory (Smidts and Huizinga, 2009 ). Children were, however, not excluded if they did not exhibit specific working memory problems as rated by their teachers. Children with below-average scores on reading or reading comprehension or known psychiatric disorders other than ADHD were excluded from participation.
Parents received written information on the study and we obtained their written consent, in accordance with the Declaration of Helsinki, before starting the assessments and training. The study was approved by the ethics committee of the faculty of Social and Behavioral science, Utrecht University (FETC14-022).
Tests
The same tests were used to measure verbal and visual working memory and mathematical ability as outlined in Nelwan and Kroesbergen (2016) . Tests that were used for measuring working memory were (1) a visuospatial working memory task called 'Lion Game', and (2) a verbal working memory task called 'Monkey Game' (Van de Weijer-Bergsma et al., 2015b , 2015c . Tasks were administered on a computer with headphones in the school setting, supervised by a student who was present the entire time during the assessment.
The Lion Game is a visuospatial complex span task, in which children have to search for coloured lions in a 4 × 4 matrix containing 16 cells. In each trial, eight lions of different colours (red, blue, green, yellow, purple) are presented in different sequences at different locations for 2000 ms. Children need to remember the last location where a lion of a particular colour has appeared and use the mouse to click on that location after the sequence has ended. The tasks consist of five levels each of four trials, in which working memory load is manipulated by the number of colours in sequence children have to remember and update. No cut-off rules are applied (Van de Weijer-Bergsma et al., 2015b) . No time limits are given to respond to the trial. The next trial starts when the child has finished responding to the previous trial. The proportion of correct responses was collected. Reliability and validity of The Lion Game have been studied recently (Van de Weijer-Bergsma, et al., 2015b). Good internal consistency reliability (Cronbach's α = .87), satisfactory test-retest reliability (α = .71) and good concurrent (α = .51) and predictive validity have been found. In our own sample we found good internal consistency reliability (Cronbach's α = .80).
The Monkey Game is a verbal backward-span task, in which children have to remember and recall different words in a reversed sequence. Children hear spoken words (i.e. moon, fish, rose, eye, house, ice, fire, cat, coat). In Dutch, these words are some of the words first learned when reading education commences in first grade. Children have to remember the words and recall them in a backward order, by clicking on the written words presented visually in a 3 × 3 matrix. The task consists of five levels each of four trials, in which working memory load is manipulated by the number of words children have to remember and recall backwards, ranging from two words in level one to six words in level five. No cut-off rules were applied (Van de Weijer-Bergsma et al., 2015c) . No time limits are given to respond to the trial. The next trial starts when the child has finished responding to the previous trial. The proportion of correct responses was collected. The Monkey Game has good internal consistency (Cronbach's α ranging from .78 to .89) and shows good concurrent and predictive validity (Van de WeijerBergsma et al., 2015a) . In our own sample we found acceptable internal consistency (Cronbach's α = .70).
The test used to measure mathematical abilities was the Arithmetic Tempo Test (Tempo Toets Rekenen, De Vos, 1992) , a fast paper-andpencil screening instrument. Five columns are presented, each with 40 arithmetic exercises: addition, subtraction, multiplication, division, and mixed problems that slowly increase in difficulty. All problems consist of two-operant equations with outcomes smaller than 100 (i.e. 17 +8 =…). Pupils are instructed to solve as many problems as they can within a one-minute limit per column. Test-retest reliability was computed in a study by Van de Weijer-Bergsma and colleagues (2015) and ranged from α = .84 − .87 after four months and from α = .82 − .86 after eight months. The combined number of correct answers in the five columns was used as the outcome measure in this study.
Intervention
Jungle Memory™ (2008) is a web-based memory training program aimed at 7-16 year-old children. It consists of three interactive computer games with up to 30 levels of difficulty in each game to train working memory. Each game aims to train different aspects of working memory and provides the student with regular feedback on progress, both during training (right or wrong) and in the back-end of the program. Game 1 (Quicksand) involves memory for and later use of word endings. Children are presented with a 3 × 4 grid in which letters or word endings are projected for a short period of time. Some of these letters or word endings are the same. Children are required to click on the cells in which the same stimuli were presented. The amount of time they are allowed to do this is shortened as the difficulty level increases. The amount of stimuli that has to be remembered is also varied. Game 2 (Code Breaker) features a mental rotation of letters. Children are presented with blocks on which both letters and dots are shown. The rotation of these letters varies during trials. The location of the dots (in one of four corners of the block) is varied during trials. Children have to click on the right rotation of the letter shown in the stimulus in a line-up of different rotations (required immediately after the presentation of one stimulus) and the location of the dots (after completion of the trial). The number of presentations of stimuli is increased as the level is increased. Game 3 (River Crossing) involves sequential memory of mathematical solutions. Children are presented with simple mathematical problems and are required to remember the order of the solutions after each trial. The trials increase in length as the level of the program increases. Each game involves the temporary focus on and manipulation of visuospatial or verbal stimuli. Motivational features in the program include positive verbal feedback, a display of the user's best scores, percentile rankings and the number of 'super monkeys' collected as a result of successfully completing training levels (Alloway et al., 2013) . Completion of all three tasks can usually be obtained in 20-25 min. We used Jungle Memory, because of the compact nature of the program (only three different tasks).
The program is featured on a website by Memosyne Ltd (2011) -http://lb.junglememory.com.
The Math Garden (Van der Maas et al., 2009 ) is a fully adaptive web-based game in which children are able to train their math skills. It consists of different games of which five calculation-based games (addition, subtraction, multiplication, division and speed) were used during this study. Children were presented with ten math problems per game during which they received direct feedback on their answers. Children were given 20 s to answer, with the exception of the speeded arithmetic tasks, during which they were given eight seconds. They completed 50 trials during training, which could be done in approximately 15-20 min. To encourage motivation, children were presented with a virtual garden that grows and blooms depending on both effort and progress. The website for Math Garden can be found on http:// www.rekentuin.nl.
Procedure
Children were randomly assigned to one of two groups. The first group received Jungle Memory for eight weeks, while the second group did not participate in the working memory training. After this eightweek period, both groups received Math Garden for eight weeks. Assessment of both visual and verbal working memory, as well as mathematical ability was conducted prior to training and after both training periods. Training commenced in January, four months after the start of the school year, and ended in May.
During Jungle Memory training, progress the children made was monitored closely by undergraduate students and the corresponding author. The total amount of training sessions was recorded and children were visited once a week to receive feedback on their training. Jungle Memory mentions on their web site that the program is designed to be self-directed and no guidance is necessary. During our first study we found limited results of the working memory training. Even though we provided more feedback than advertised by Jungle Memory during this study, we hypothesized that these results were due to lack of guidance and feedback. Therefore, we increased the amount of coaching to thirty minutes once a week instead of once every two weeks. Feedback was given using a protocol provided to us by LerendBrein, a Dutch organization specializing in training health care professionals. During each of these eight feedback sessions, children were asked to elaborate upon the strategies they used and received praise for the items they completed correctly. Children's learning curves were monitored and when they failed to complete a level three times in a row, strategies were taught to overcome these difficulties. For example, children were taught to verbalize visual stimuli of the tasks or to repeat solutions of arithmetical problems subvocally. The undergraduate student was present for the entire training session and was able to offer direct feedback during training. During Math Garden, no specific feedback was given to the children, as the program provides immediate feedback to students as well as to teachers on the progress that was made during the session. Learning curves and mathematical problems that were specifically difficult for the individual child could be monitored and teachers were encouraged to do so. They were then able to integrate this knowledge in their instructions to their pupils. Pupils participating in this study usually received extended instruction after general instruction in mathematics. It is, however, unknown to the researchers in what way teachers used the information generated by math garden in this extended instruction. This may have led to some differences in efficiency of instruction between teachers of the various classes participating in this study.
Training sessions and assessments were conducted in a quiet space in the schools using a computer and headphones. Teachers provided students with training time during school hours. Undergraduate students checked in weekly to identify motivational issues or other problems and reported back to the corresponding author, who tried to resolve these problems. Although some children exhibited or reported motivational problems, no children dropped out. No technical problems were reported during training periods or assessments. Children were allocated 32 30-min sessions to be completed during 8 weeks of training, an average of four sessions per week. Jungle Memory mentions this amount of training on their website as being the optimal amount. This is a clinical observation, however. We checked with teachers whether this was a feasible amount, which was confirmed. However, on average, they completed 23 sessions, due to extracurricular activities and holidays. This might have affected our experimental manipulation, in the sense that children in different schools trained more or less depending on the amount of extracurricular activities the schools had during the training period.
Children were given no further incentives or rewards during the training other than compliments and feedback. Before the assessments, children were promised a small treat. After the last assessment, a treat for the entire class and their teachers was provided.
We wanted to examine whether our highly coached group would outperform children who followed the working memory training with less coaching. To investigate this, we used a control group of children who participated in our previous study and for which data was described in our previous paper (Nelwan and Kroesbergen, 2016) . This group consisted of 21 children who were recruited the same way and selected under the same inclusion criteria. This group did not differ significantly from the two new groups on measures of working memory, mathematics and attention (see Table 1 ), as was confirmed by Bayesian ANOVA. This group received Jungle Memory training during eight weeks and Math Garden during the following eight weeks, just like our experimental group did. These children, as we mentioned above, were visited every two weeks (instead of every week as was the case in the highly coached group), but received the same feedback, following the same protocol. They received four sessions of feedback. The children did not receive any incentives during training. This group trained exactly one year before the children in our experimental group did.
Data screening
Missing data analysis showed a number of missing data points: one in the highly coached group (4.3%) and two in the low-coaching group (9.5%). No missing values were found in the passive control group. These missing values were randomly distributed (Chi-square ranging from 1.881 to 17.412, p > .983). Multiple imputation through an MCMC algorithm in SPSS 23 was used to handle these missing data appropriately. All variables used in the analysis were included in the imputation. Ten iterations were used on the 15 variables in the dataset.
Upon inspecting the distributions, we found two outliers, one in both the verbal as well as the visual working memory task. Further analyses indicated that both outliers were data points in the direction of our hypotheses. These outliers did not, however, affect our analyses.
Main analyses
To be able to compare the results of this study with the results of our previous study effectively, we conducted a Bayesian evaluation of informative hypotheses to examine the effects of coaching during the working memory training on both verbal and visual working memory, as well as on mathematical ability. Bayesian analysis is confirmative and provides a quantification of the support in the data for each hypothesis and is therefore very useful in studies with small sample sizes. A Posterior Model Probability (PMP) is computed for each hypothesis to quantify the support in the data. If the PMP of one hypothesis is larger than the PMP of the unconstrained hypothesis (H u ), the constraints used to describe the hypotheses are supported by the data. After this analysis, PMPs of further hypotheses are compared to examine which hypothesis receives more support from the data. Next, Bayes Factors (BF) can be computed, which can be used as a measure for the degree of support for each hypothesis. The BF can be computed by dividing the PMP-value of a hypothesis by the PMP-value of the unconstrained hypothesis. See Klugkist et al. (2005) or Schoot et al. (2011) for a more detailed introduction to Bayesian statistics. Analyses were conducted using the BIEMS computer program (Mulder et al., 2012) , which can be obtained at https://informative-hypotheses.sites.uu.nl/software/ biems/. For ease of reading we use the same model names in the descriptions of our three analyses, even though our main predictions for each analysis may differ.
First, we inspected the gain scores on the short and long term regarding both visual and verbal working memory between and within our three groups, we used Bayesian Repeated Measures ANOVA. This was done to assess whether an effect of the working memory training was to be expected.
For the short as well as the long-term effects of coaching during working memory training on working memory, we considered three competing hypotheses. These hypotheses were translated into statistical hypotheses with equality constrained parameters (Klugkist et al., 2005) . We used mean gains during the first training period on the visual and verbal working memory tasks and the mathematical ability task as parameters. For verbal and visual working memory, we stated that children who were highly coached (HC), would outperform the lowcoaching (LC) group, that would, in turn, perform better than the notraining group (NT): μ hc > μ lc > μ nt (Model 1). Following the 'boredom'-hypothesis, we would expect the following pattern: μ hc > μ nt > μ lc (Model 2). To test the hypothesis that working memory training has no effect we formulated μ hc= μ lc= μ nt (Model 3).
For mathematical ability we expected to find no short-term effects: μ hc= μ lc= μ nt (Model 3). We considered two alternative hypotheses. First we tested the hypothesis that working memory training has a shortterm effect on mathematical ability as long as pupils are highly coached, with no training resulting in the least progress: μ hc > μ lc > μ nt (Model 1). Furthermore, the 'boredom'-hypothesis was deemed plausible: μ hc > μ nt > μ lc (Model 2).
Considering the long-term effects, we used mean gain scores during the second period as a parameter. We expected the HC-group to outperform the other groups: μ hc > μ lc > μ nt (Model 1) in both working memory measures as well as mathematics. We considered the possibility that there was no effect from the working memory training: μ hc= μ lc= μ nt (Model 3) and again we tested whether the NT-group would outperform the LC-group: μ hc > μ nt > μ lc (Model 2). 
Results
Effects of working memory training in the three groups
We found some weak support that the HC-group showed short (BF = 1.142, PMP = .533) and long term (BF = 1.851, PMP = .649) improvements at visual working memory, but only short-term gains in verbal working memory (BF = 1.569, PMP = .611). Our LC-group showed the same pattern. Interestingly, the no-training group showed short-term improvements at visual working memory (BF = 2.303, PMP = .697) as well, but none on the long term. No improvements were found in verbal working memory. No Bayes Factors > 3 were found in this analyses. Following the categories provided by Kass and Raftery (1995) , evidence against a null-hypotheses is not worth more than a bare mention (Table 2) .
3.1.1. Verbal and visual working memory and mathematical ability, short term Table 3 depicts the results of the Bayesian analysis of the short-term group effects on the working memory outcome measures, BFs and PMPs are presented.
It was expected that during the first training period, the HC-group would gain most on working memory outcome measures and that the LC-group would perform better than the NT-group, μ hc > μ lc > μ nt (Model 1), as working memory training is supposed to be more beneficial for working memory than no training at all. Another hypothesis was, however, that the NT-group would perform better than the LCgroup: μ hc > μ nt > μ lc (Model 2), because of training fatigue in the LCgroup and the possible effects on motivation. Model 3 stated that all groups would perform equally well, μ hc= μ lc= μ nt . These were compared to the unconstrained Model 0 (μ hc, μ lc, μ nt ). The least support was found for our first hypothesis. For visual working memory, data showed the most support for the second hypothesis. However, following the guidelines provided by Kass and Raftery (1995) , this support is 'not worth more than a bare mention'. For verbal working memory, the third hypothesis received the most, and positive support by our data.
In addition to the verbal and visual working memory outcome measures, we looked at the in-game improvements of the trained tasks (Table 4) . Although the results all tended in the direction of the highly coached group (see Table 5 for descriptive statistics) having gained more on the tasks than the low coaching group did, Bayes Factors were small.
Verbal and visual working memory, long term
In Table 5 , BFs and PMPs of Bayesian analysis of long-term group effects on the working memory outcome measures can be found.
We expected the HC-group to outperform both the LC-group as well as the NT-group: μ hc > μ lc > μ nt (Model 1). All groups performing equally well (Model 3: μ hc= μ lc= μ nt ) was our second hypothesis. The last hypothesis we tested (Model 2), was that the HC-group would outperform both other groups, but that the NT-group would perform better than the LC-group, again following the motivational decline hypothesis. For visual working memory, most (but only weak) support was found for our first hypothesis. For verbal working memory, however, positive support was found for the hypothesis described in Model 3: no differences were found between groups. Learning curves of visual and verbal working memory can be seen in Figs. 1 and 2 , means and standard deviations can be found in Table 7. 3.3. Gains in mathematical ability, short and long term Table 6 depicts the results of Bayesian analysis of the group effects on the mathematical ability outcome measure. Again, BFs and PMPs are presented. It was expected that during the first training period, no differences would show between our groups: μ hc= μ lc= μ nt (Model 3). A direct effect of working memory training on mathematics was not deemed very likely. Another hypothesis was that the HC-group would Table 2 Interpretation of Bayes Factors according to Kass and Raftery (1995) .
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Very Strong Table 3 Bayes Factors (BF) and Posterior Model Probabilities (PMP) of the four models and short term gains on visual and verbal working memory outcome measures. Model 0: μ hc, μ lc, μ nt .
Model 3: μ hc= μ nt= μ lc . Model 0: μ hc, μ lc, μ nt . Model 1: μ hc > μ lc . Model 2: μ hc= μ lc . perform better than both the LC-group as well as the NT-group: μ hc > μ lc > μ nt (Model 1). Support for this model would confirm findings by Alloway and Passolunghi (2011) . Model 2 stated the HC-group would outperform both the other groups and the NT-group would perform better than the LC-group: μ hc > μ nt > μ lc, following the hypothesis that a lower amount of coaching would decrease motivation. These were compared to the unconstrained Model 0 (μ hc, μ lc, μ nt ). Positive support was found for the second model. Considering the long term, positive support was found for the third model. It was most probable, given our data, that in the long term there were no differences between our groups. Learning curves of mathematical ability can be viewed in Fig. 3 , means and standard deviations can be found in Table 8 .
Discussion
This study examined the short-and long-term impact of increasing the amount of coaching during working memory training on visual and verbal working memory as well as mathematical ability of children with attentional and mathematical difficulties.
Considering visual working memory, increasing the amount of coaching seems to affect the way in which children benefit from a working memory training in a positive manner; children who were highly coached did perform better directly after training, compared to non-trained peers and children who received a lesser amount of coaching. The effects were minimal, however. Regarding verbal working memory, no differences were found between groups. This lack of effect of coaching on gains in verbal working memory is not easily explained. It might reflect the resilience of verbal working memory problems in children with attentional difficulties and their lack of innerdirected speech (Barkley, 2012) in regulating their behavior.
When looking at the trained tasks, too, differences between the highly coached group and the low coaching group were generally small. However, they were consistently showing the trend that the highly coached group gained more during the training period than the low coaching group.
Confirming our predictions, mathematical ability in the highly coached group did increase during working memory training, compared to their less-coached and non-trained peers. The highly coached group did not, however, benefit more than the other groups from the mathematical training given after the working memory training. Furthermore, the highly coached group tended to retain an advantage over the low-coached and non-trained groups regarding mathematical ability, although they did not exhibit a steeper learning curve during the mathematics training. Bayes Factors are small to moderate, however, and should be interpreted with caution.
With respect to the present cognitive model of the relationship between working memory and mathematics, the effects of working memory and the mediating role of the ZPD, the results of this study point out that the social context, in which children are trained, seems to play a role. For cognitive skills to develop, a child-tailored stage needs to be provided, by an adult reinforcing the steps of development by reducing stress, fostering self-directed speech and action. Furthermore, our results suggest that motivational problems, relating to the lack or absence of the mentioned zone of proximal development, can have a detrimental effect on the outcome of computerized cognitive training. Vygotsky mentioned that with encouragement and assistance, confidence, abilities and self-efficacy can grow. A study by D′Arripe-Longueville et al. (2002) showed increased self-efficacy in groups of children that were tutored by a skilled tutor. We propose this may also hold for the frequency of coaching. The group that received a low amount of coaching (infrequent visits by trainers and less structured feedback) showed weaker performance, both considering visual working memory outcomes as well as in increasing mathematical abilities, than our highly coached group. The highly coached group saw their trainer more often and received more encouragement and protocolled feedback. The low-coaching group was even outperformed by a group that received no working memory training at all and therefore did not receive any feedback or coaching. It seems plausible that this effect was due to boredom or frustration of the participants caused by lack of support and structure. This 'training fatigue', which some children expressed after the training, could have transferred to the assessments. During training, however, these motivational problems can be, at least partially, decreased by increasing the amount of dedicated supervision and coaching, providing tailored feedback and reinforcement. Near-transfer as well as far-transfer effects increase as a result. These findings are in line with theories indicating that children with attentional difficulties need more reinforcement to reach a higher level of effort and performance and therefore show their baseline level only when reinforced (see Modesto-Lowe et al., 2013 for a review). They also concur with recent studies showing that motivational issues interact with working memory performance (Dovis et al., 2015b; Strand et al., 2012) . Coaching procedures might have led to motivation to learn more from the training or increased self-efficacy and self-directed speech. Considering the theory coined by Barkley (2012) on executive functions and its implications for children with attentional difficulties, it could be concluded that these children's EF-deficits might be partially compensated for by the presence of a supervising adult giving feedback. Another plausible explanation would be that children who receive more feedback from a trainer are inclined to do better on the tasks of the outcome measures to please the trainer. We did not, however, measure these variables independently.
Regarding the near-transfer effects, we saw more improvement in visual working memory than in verbal working memory. This result is surprising, considering the results of our previous study (Nelwan and Kroesbergen, 2016) , which indicated a small, but stronger effect of Jungle Memory training on verbal working memory. It seems that the effect of training visual working memory is more sensitive to coaching and instruction. It might take more effort to train visual working memory, but the effects are measurable when the efforts are made. Indeed, Alloway et al. (2013) found a similar effect with the same working memory training. Even though we do not have strong evidence that long-term near-transfer effects can be expected, we are somewhat more optimistic than we were in our previous study and are authors from a plethora of other studies and meta-analyses (Melby-Lervåg and Hulme, 2013; Redick et al., 2012 Redick et al., , 2015 . Mixed results were found over studies, that may be explained by methodological differences, different age groups, differences in outcome measures and lack of adequate control groups. The comparison of coaching procedures between studies has not been mentioned, but might account for the positive findings that have been reported.
Another explanation of this finding might be that the HC-group might have received more exposure to the visual stimuli within the training compared to the LC-group of our previous study. During coaching sessions, the levels of attention and engagement can be expected to be higher than in the sessions in which children were required to perform the tasks on their own. Some words of caution have to be stated here. Due to the lack of randomization concerning the LC-group, the comparison between the HC-group and the NT-group can be interpreted best. Although our three groups were highly similar with respect to their initial level of working memory and mathematical ability and the procedures were the same (with the exception of coaching level) this study employed a quasiexperimental design.
Considering the far-transfer effects, our results were quite surprising. Direct, short-term effects of working memory training on mathematical ability are not found very often. Studies by Alloway and Alloway (2009) and Bergman-Nutley and Klingberg (2014) have found similar effects. A strong association with visual working memory has been found by several studies (i.e. Bull and Lee, 2014; Geary, 2011) . Greater working memory capacity is thought to be associated with wider access to problem solving strategies (Geary et al., 2004) and the ability to keep track of mental computations Pazzaglia, 2004, 2005) . Co-occurrence of increased mathematical performance and gains in visual working memory can be viewed in light of these findings. Our results, however, might also be explained by the fact that Jungle Memory incorporates an arithmetic task as one of the three tasks. Therefore, the highly coached group might have received more exposure to arithmetic problems. Another possibility is that non-specific factors, i.e. relationship with the trainer, accounted for the increase in both working memory and mathematics by increasing motivation to do well on the assessments. A limitation of the present study was the absence of a sham condition with the same amount of dedicated attention from a trainer. Placebo-effects can therefore not be ruled out.
Our highly coached group did retain their advantage in mathematics at the start of the second training period over a longer period of time, even though their increased visual working memory capacity tended to wane. Compared to a passive control group with mathematical and attentional difficulties, our highly coached group did not, however, profit more from training in mathematics. Indirect effects of working memory training on mathematics learning are therefore not to be expected and are limited to the extent of the working memory training itself. Due to the specific nature of this group and a small number of participants, results cannot yet be generalized to other populations. Moreover, the difficulties arising from the naturalistic school-based setting (e.g. varying degrees of extracurricular activities, ways of giving instruction), may have obscured the obtained results.
Conclusion, clinical implications, and suggestions for further research
These results suggest that in-school computer-based training of cognitive capacities in children with attentional problems and learning problems should always be accompanied by direct feedback and supervision, as it might be essential for obtaining desired results. Parents and teachers should be aware that training any cognitive function or ability in children with cognitive difficulties is hard work, not to be taken lightly, and they should provide the necessary support. The results from our study are generally small, but it might be possible to increase the effects of working memory training and far transfer to mathematics by increasing coaching. Furthermore, results of training vary considerably on an individual level. Especially regarding children with attentional difficulties, the typical group at which working memory training is targeted, motivation is a crucial factor to be addressed. In this regard, cognitive training can be likened to psychotherapy: improving the amount of time spent on a working relationship with a pupil, focusing on the zone of proximal development, can result in significant results that can be motivating in itself.
Further research in this area should focus on disentangling the components needed for training working memory successfully. Personalizing feedback and tailoring the training to individual needs might have a profound effect. This calls for single case studies, which are currently in short supply. Following a different route, assessing cognitive, motivational or personality features that predict successful training might lead to new insights and improvement of training in clinical practice.
